We present in this paper the advantages of the latent class vector model approach in the analysis of preference ratings. We illustrate the practical application of this methodology on the basis of a preference study of smoked salmons in European countries. A set of 30 samples was selected spanning the characteristic variability of cold-smoked salmon available in six European countries (Belgium, Denmark, France, Germany, Italy and the United Kingdom). Consumers from the main countries of consumption (Belgium, France, Italy, Germany and the United Kingdom) were asked to rate the acceptability of each product. A quantitative descriptive analysis with a trained panel and physical and chemical measurements of smoked salmons were also conducted. Using a latent class vector model approach, it was possible to identify different classes of homogeneous preferences. Each of these classes was characterised by the country of origin of the consumers, sensory descriptions and the physical and chemical properties of the products.
Introduction
Preference evaluation is generally assessed by using a hedonic scale, assigning an absolute liking score to each product to be tested. Internal preference mapping on hedonic ratings is a classic way to study consumer preferences. The MDPREF analysis (Caroll, 1972 (Caroll, , 1980 Greenhoff & MacFie, 1994 , Schiffman, Reynolds & Young, 1981 ) is a technique consisting of a singular value decomposition of the data matrix (centred by consumer). It leads to a graphical interpretation of individual preferences using a biplot representation.
Unfortunately, such a method does not always make clear the existence of clusters among panellists. Moreover, the number of dimensions to consider is not easy to define because of the regularity of decrease of singular values. One way to overcome these difficulties is to consider a latent class vector model approach (De Soete & Winsberg, 1993) . This method allows the practitioner to cluster consumers into a small number of segments and to obtain a simultaneous representation of stimuli (products) and classes on the basis of a vector model (as in the MDPREF approach). Based on a probabilistic assumption, this technique enables the implementation of statistical significance tests on the number of classes and dimensions to explore.
The objective of this study is to identify homogeneous classes in consumer panels according to their overall preferences using a latent class vector model methodology. We apply the latent class vector model approach to a real data set resulting from the European project EUROSALMON (Courcoux et al. 2006 ).
Moreover, we relate these segments to product characteristics obtained by sensory profiling experiments and physical and chemical measurements. In addition, we examine relationship between the consumer's country of origin on the different classes.
Materials and methods

Materials
Samples of commercial smoked salmon products were collected directly from producers in six different European countries; Belgium, Denmark, France, Germany, Italy and the United Kingdom. These products were selected according to the procedure described by Cardinal et al. (2004) with a first sampling in supermarkets of the same countries, in order to cover the range of smoked salmon characteristics available on the European market today.
Among these products, 6 originated from Belgium, 7 from Denmark, 21 from France, 6 from Germany, 4 from Italy and 13 from the United Kingdom. On the basis of the results obtained after a sensory evaluation of these samples (Cardinal et al. 2004) , 30 products were selected to analyse the preferences of consumers from the main countries of consumption. The aim was to select 30 samples reflecting the observed variance in the sensory space. Following an external preference mapping methodology, a cubic linear regression model was postulated linking consumers' acceptability of salmon to characterization measurements. We have considered the four first principal components of sensory data.
If we denote by y the vector of preferences for products and by X the matrix of the measurement effects, the regression model, classically used in preference mapping, is defined by:
where β is the vector of the unknown parameters and ε is the residual random vector with a multivariate normal distribution. The least square estimator of β is classically obtained by:
The optimality criterion of an experimental design is directly linked to the covariance matrix of this estimator. Our selection is based on a D-optimality criterion that consists of selecting the 30 products among the 57 candidates such that
is minimal, which is equivalent to minimising the generalised variance of the estimator (Atkinson & Donev, 1992) . In order to achieve this selection according to the D-optimality criterion, an iterative procedure based on the Fedorov exchange algorithm was used (Fedorov, 1972) .
Methods
Sensory methods
Descriptive sensory analysis was performed on the 30 smoked salmons by a trained panel of 24 assessors, with a wide experience in smoked salmon evaluation, from the staff of IFREMER. The experimental design used was the same as for the study of 102 products and is described by Cardinal et al. (2004) . Regarding the 30 smoked salmon samples, an experimental design was constructed in order to balance various parameters, such as the sensory characteristics of products presented within a session and their country of origin. All the samples offered to the panellists were produced two weeks before their assessment.
Trained panellists assessed five different samples of smoked salmon in each session, using a presentation design balanced for order and carry-over effects. Evaluations lasted for three weeks with two sessions per week.
For each sample, panellists received one slice of cold-smoked salmon from a packet of 100 or 200g, stored at +4°C until analysis. Before the evaluation session, the packets of smoked salmon were opened and kept at ambient temperature (18-20°C). Then each slice was served in aluminium foil and products were blind-coded with 3-digit numbers. Mineral water and bread were provided as palate neutralisers between samples.
Attributes of smoked salmon were chosen during training sessions and related to odour, appearance, flavour and texture. A summary of the sensory attributes used is given in Table 1 .
Sessions were carried out in individual partitioned booths. A computerised system (Fizz, Biosystèmes, Dijon, France) allowed panellists to rate sensory attributes on a continuous unstructured linear scale from low intensity (score 0) to high intensity (score 10). Table 2 summarises the main sensory characteristics of the 30 products presented to consumers according to the groups identified by Cardinal et al. (2004) .
Methods for characterisation of smoked salmon
Several measurements were made in order to characterise smoked salmon. Details concerning this part can be found in Cardinal et al. (2004) . A summary of the microbiological, physical and chemical attributes is given in Order and carry-over effects were balanced and bread or crackers and mineral water were provided to subjects between samples.
Consumers were asked to rate the acceptability of each product on a 9-point structured scale (dislike extremely -like extremely).
Statistical analysis
In order to obtain a segmentation of the panel into clusters of homogeneous preferences, a latent class vector model approach (De Soete & Winsberg, 1993; Courcoux & Chavanne, 2001 ) was used. This technique aims to determine segments from the preference data, using an Expectation-Maximisation algorithm (Dempster, Lair & Rubin, 1977; McLachlan & Basford, 1988) .
Let us define by Y = ((y ij )), i = 1 to N, j = 1 to M, the NxM matrix of the centred preference ratings assessed by the N consumers for the M products. We assume that there are T latent classes of homogeneous consumers. We want to obtain a simultaneous representation of the M products as points and the T classes as vectors emanating from the origin in an Rdimensional space. We consider that, for the individual i in the class t, the random vector of ratings y i = (y ij ), j = 1 to M, is normally distributed with mean vector u t and covariance matrix σ²I (where I represents the identity matrix in R M ):
for the individual i in the segment t.
is a specific mean vector for the class t and σ² is common to all latent classes. u t represents the mean utility for each product in the class t. We define by b jr and respectively, the coordinate of the product j and the coordinate of the vector terminus for the class t on dimension r. We assume that the utility, u * tr a , tj , of product j for the latent class t is a linear function of the orthogonal projection of the object point j onto the vector representing class t:
( 1) which can be written:
with:
In the class t, the probability density function of the random vector y i is defined by:
with a t = (a tr ), r = 1 to R, B = ((b jr )), j = 1 to M, r = 1 to R and u t = (u tj ), j = 1 to M.
Thus, the unconditional probability density function of y i becomes a finite mixture of multivariate normal densities:
with A = ((a tr )), t = 1 to T, r = 1 to R and λ = (λ t ), t = 1 to T, denoting the weights vector of the different classes under the constraint λ t > 0 and
Assuming independence between the random variables y i , the likelihood function associated with all the observations y = (y i ), i = 1 to N, is defined by:
Maximum likelihood estimates of parameters A, B, σ 2 and class membership probabilities λ can be obtained by maximising (5). This can be solved iteratively by using an EM algorithm (Dempster et al., 1977) . More details concerning the estimation procedure can be found in De Soete and Winsberg (1993).
Thanks to a probabilistic assumption, the latent class vector model methodology provides a likelihood ratio test, which can help the practitioner to choose an adequate number,
T, of classes and the space dimensionality, R. As in most mixture problems, the sampling distribution of this test is unknown and can be drawn using a Monte Carlo simulation procedure (Aitkin, Anderson & Hinde, 1981) . One can first determine the number of classes by comparing the log likelihoods obtained for T and T+1 clusters and then define the dimensionality of the model for the "right" number, T, of classes using the same technique for
R and T dimensions (with R ≤ T).
A study concerning the efficiency of this significance test procedure can be found in De Soete and Winsberg (1993) on the basis of simulated data.
Results
Internal preference mapping
First of all, we performed an internal preference mapping (MDPREF) in order to visualize the individual preferences and the mean preference (as vectors) and the common products configuration (as points) in a multidimensional space.
In the case of the salmon study, MDPREF shows a high variability of individual preferences and a main direction preference which is coherent with the overall liking scores, the most appreciated products 9, 36, 8, 2, 28 are on the main direction of preference, contrary to products 34, 32, 19). The individual preferences are centred, so that only the direction of preference can be interpreted. It clearly appears that there exists a great heterogeneity in term of products' perception in the consumers' panel, leading us to study the existence of different clusters according to the consumers' preferences.
Segmentation of the panel
The application of the latent class vector model methodology to the preferences of 1063 consumers for the 30 smoked salmons gives the following results.
First, we determine the number of classes T by comparing the log likelihoods obtained
. The significant level is given by the P-value obtained on the basis of Monte Carlo simulations (Table 4) .
Secondly, the number T of classes being fixed, we determine the number R of dimensions by comparing the log likelihoods obtained for T dimensions, L T , and R dimensions, L R , evaluating the Likelihood ratio statistic defined by 2(L R -L T ). The significant level is given by the P-value obtained on the basis of Monte Carlo simulations (Table 5) .
We Most consumers strongly reject products 34 and 41 but there are differences between the preferences expressed in the different classes. By performing multiple comparisons tests for the products on the basis of an analysis of variance by class with a product and consumer effect, we observe a high discrimination of the smoked salmons for classes 1, 3, 4, 5 and 6, while this segregation is weaker in class 2. Table 6 gives the most rejected and the most appreciated products for each class. If we consider the perception of products in classes 1, 3
and 5, product 34 is disliked in these classes. Salmons 31, 30 and 7 are highly rejected in class 1 but not in segments 3 and 5. Product 41 is rejected in C3 but not in C1 and C5. Products 49 and 2 are the most appreciated in C1 and C5 and moderately accepted in C3. Consumers belonging to C1 and C3 appreciate product 8 but this smoked salmon does not appear as preferred in C5. Product 9 is well appreciated in C5 but is not preferred as much in C1 and C3. The description of the different classes of consumer shows roughly three main characteristics of preference; people who like low-treated products (low-salted and low-smoked) (classes 1 and 2), those who prefer salted and smoked products (classes 3 and 4) and the consumers who choose according to the appearance of the product (orange colour, translucence) (classes 5 and 6).
The relation of physical and chemical measurements and sensory attributes with product appreciation in the different classes allows the identification of the product range to be developed by the industry to respond to consumer preferences. Processing parameters are known to determine to a large extent the final characteristics of cold-smoked salmon (Birkeland, Rora, Skara, & Bjerkeng, 2004; Serot et al., 2004) . The salting method used, such as injection of brine, brine salting or dry salting, leads to products with different colour characteristics, levels of salt in the flesh and texture properties (Sigurgisladottir & al, 2000; Birkeland & al, 2003) . Dry salting is likely to satisfy consumers in classes 5 and 6 as it is a more suitable technique for preserving the orange colour and the homogeneous and translucent appearance of the smoked salmon slice as well as its integrity (no tearing).
Regarding the level of treatment that discriminates classes 1 and 2 from classes 3 and 4, the choice of processing conditions, like the kind of smoke generator (friction, thermostated hotplate or autocombustion), the type of smokehouse (closed or open air conditioning equipment), smoking temperature (18°C to 26°C), hygrometry and air velocity in the smokehouse and, of course, the time of smoking, leads to either a product with a low smoke note and a perceptible raw fish note or a product with a more intense smoked odour and flavour. The choice of these parameters and the control of the hygienic conditions in the plant explain the smoked salmon characteristics observed and the product diversity offered to consumers (Knockaert, 1990 , Cardinal et al., 2001 ).
Characterisation of the classes by country of origin
In order to study a possible relation between the country of origin of the consumers and the composition of the different classes, we perform a Chi square test, the largest posterior probability being used to allocate each consumer into one specific class. Table 7 proportion.
-Class 6 (the smallest): mostly English people and very few French consumers.
Belgian consumers make a large contribution to segments 1 and 2, characterised by a good appreciation of low-smoked salmons. Their opinions about spoiled products are divided (rejection in class 1 and indifference in class 2). Their low number in class 3 confirms their rejection of highly-smoked salmons. Previously, a study of the characteristics of smoked salmon sold on the European market (Cardinal et al., 2004) showed that Belgian products, as well as Italian ones, had the lowest phenol content compared to the products processed in other European countries. These low values of phenol generally indicate a light smoking treatment of products. Therefore, it is possible that the habit of consumption of low-smoked products explains, to some extent, the number of Belgian consumers in classes 1 and 2.
French people are well represented in clusters 1 and 3, corresponding to a great acceptance of products with the flavour and odour of fish and a rejection of spoiled salmons.
Their appreciation concerning highly-smoked salmons is divided (rejection in cluster 1 and acceptance in class 3). We observe a low proportion of these consumers in class 5, which is composed of individuals who dislike salty products and the flavour of bacon but who accord great importance to appearance characteristics.
The relation between the general characteristics of smoked salmon sold on a national market and the preferences of the population seems less obvious in the case of German consumers and perhaps too simple. We have previously shown a high phenol content in
German products but the preferences of consumers are not so clear regarding highly-smoked salmon. Indeed, Germans are present in high proportions in clusters 1 and 4, corresponding to individuals having a different sensitivity towards highly-smoked salmons (rejection in class 1 and appreciation of the flavour of wood smoke in class 4).
We find Italian consumers in a high proportion in clusters 2 and 5, which correspond to a preference for salmons with a flavour of fish and an odour of tuna (class 2) and a great importance placed on product appearance in class 5 (orange and translucent). For consumers in these two clusters, spoilage indicators are not really important in the appreciation of the products.
More than 75% of English consumers belong to classes 3 and 5 in similar proportions.
Their opinions about salty salmons are divided (consumers in class 3 appreciate them but those in class 5 dislike them). Among the individuals belonging to segment 1 and segment 2, there is a low proportion of English people, denoting that a highly-smoked taste is not really a drawback in terms of preference for English consumers. Considering the characteristics of smoked salmon analysed from the English market (Cardinal et al. 2004 ), a possible explanation could be the smoke level of the products. Indeed, the average phenol content in British products shows that consumers are used to finding smoked salmon with a rather high smoke note and therefore may prefer to eat this kind of product. The presence of English consumers in classes 5 and 6 denotes the importance of the appearance of smoked salmon (translucent aspect, orange colour, homogeneity).
Among the overall tests of association between class membership and variables characterizing consumers, only the country of origin has a significant effect (P-value lower than 5%).
Conclusion
The latent class vector model approach is an interesting method for the analysis of preference ratings. The clustering into a small number of classes and representation in a low dimension space provides an economical model for preference data. Moreover, thanks to a probabilistic assumption, the great advantage of this technique is the implementation of statistical significance tests on the number of classes and dimensions to explore, something that is not possible with the usual MDPREF analysis. The simultaneous representation of product configurations and latent classes gives an exhaustive view of the differences between the expressed preferences in the different clusters.
Concerning the study of smoked salmon preferences, we demonstrate the existence of 6 classes denoting differences in the appreciation of smoked salmon by European consumers.
A global analysis leads to three largest classes of consumers (C1, C3 and C5) with different preferences according to the characteristics of the products. The study of the correlations between external data on the products and preferences in the different classes provides the main links between consumer perceptions and the physical and chemical measurements and sensory evaluation of the smoked salmons in order to understand the reasons behind the consumer's choice. Thus, it is possible to relate preferences in each class to product characteristics. We also identify a high correspondence between physical and chemical measurements and the results of sensory profiling of smoked salmons. Among the three clusters, the first one groups people who prefer products with a less smoked note and, above all, with a raw fish note (with two sub-groups according to their sensitivity to a spoilage note).
In the second cluster, consumers prefer a more smoked and salty product (with two subgroups of different size according to their sensitivity to a pasty texture and the level of smoking) while in the third one, consumers like products with an attractive appearance (with two sub-groups according to their sensitivity to a salty taste).
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